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In t roduc t ion  
! 

Many f a c t o r s  o t h e r  t han  r e g u l a t o r y  de l ays  have been r e s p o n s i b l e  f o r  
t h i s  un fo r tuna te  record.  They can g e n e r a l l y  be c l a s s e d  a s  i n f l a t i o n ,  o t h e r  
forms of e s c a l a t i o n ,  p rocess  development, and i n c r e a s e  i n  p r o j e c t  scope. 
This  paper ana lyzes  t h e s e  f a c t o r s  and g i v e s  p e r s p e c t i v e  f o r  e s t i m a t i o n  of 
f u t u r e  changes and avoidance of p i t f a l l s .  

- - -  - _  
Cost Esca la t ion  

F igu re  1 is a p l o t  de r ived  from publ ished da ta .  I t  shows how c o s t  
es t imates  have ' i nc reased  f o r  an  o i l  s h a l e  p l a n t  u s ing  the  TOSCO I1 process  
and f o r  a t a r  s ands  p l a n t  by Syncrude Canada Ltd.  (SCL). The p l o t  a l s o  
shows t h a t  t h e  i n c r e a s e s  f a r  exceeded t h e  i n c r e a s e s  o f  the CE P l a n t  Cost  
Index publ ished by Chemical Engineer ing magazine, which i s  intended t o  
r e f l e c t  t h e  changes i n  c o s t  o f  process  p l a n t s .  The CE Index c o r r e l a t e s  
with a broader  index of i n f l a t i o n ,  t h e  GNP Def l a to r .  In  f a c t ,  a p l o t  of 
t he  GNP D e f l a t o r  would be i n d i s t i n g u i s h a b l e  from t h e  p l o t  of t h e  CE Index 
a t  t he  s c a l e  of F igu re  1. How is t h e  obvious t o t a l  f a i l u r e  of c o s t  indexes 
t o  be explained? 

1 



O i l  s h a l e  and t a r  sands p l a n t s  a r e  obviously s p e c i a l  c a s e s  i n  t h a t  
they use  unproven p r o c e s s e s ,  so w e  should i n q u i r e  whether c o s t  indexes 
have s u c c e s s f u l l y  r e f l e c t e d  changes i n  c o s t s  of r o u t i n e  p l a n t s .  The answer 
is a resounding "no." 
completed i n  1967 c o s t  W. R. Grace $33.6 m i l l i o n ,  compared wi th  a cost of 
$107.4 m i l l i o n  f o r  a s i m i l a r  p l a n t  to  be completed i n  1978.l The i n c r e a s e  
i s  220 percent ,  compared with a probable  i n c r e a s e  of about 100 percent  f o r  
the CE Index. 
p o l l u t i n g ,  so t h e  i n c r e a s e  should r e f l e c t  e s c a l a t i o n  more than  change i n  
design. 

I 
For example, a 1,200 t o n - p e r d a y  ammonia p l a n t  I 

Ammonia product ion is w e l l  developed and r e l a t i v e l y  non- 

The year  1974 gave a p a r t i c u l a r  divergence of p l a n t  c o s t s  from 
indexes, when an engineer ing  c o n t r a c t o r  repor ted  t y p i c a l  i n c r e a s e s  of  
petroleum and petrochemical  p l a n t s  of  30 t o  40 percent  i n  6 months whi le  
the index rose about 14 percent .  
by the  overhea t ing  of t h e  economy a t  t h a t  t i m e  and by t h e  d e r i v a t i o n  of  t h e  
index. The CE P l a n t  C o s t  Index depends on 67 Bureau of  Labor S t a t i s t i c s  
(BLS) indexes,  f o r  which a l l  of t h e  equipment indexes depend on l i s t  p r i c e s .  
L i s t  p r i c e s  a r e  a f i c t i o n  n o t  r e f l e c t i n g  c o n t r a c t  p r i c e s  i n  s l a c k  p e r i o d s ,  
when deep d iscounts  a r e  a v a i l a b l e .  L i s t  p r i c e s  a r e  n o t  l i k e l y  to be r a i s e d  
a's soon a s  r e a l  p r i c e s  when t h e  economy improves. 
confirmed by Savay.' 

The 1974 exper ience  is  p a r t l y  expla ined  

T h i s  a n a l y s i s  was 

Aside from d e t a i l s ,  indexes have a b a s i c  problem. Indexes a t tempt  t h e  
impossible  i n  t r y i n g  t o  g i v e  a s i n g l e  number r e p r e s e n t a t i v e  of  c o s t  of 
d i s s i m i l a r  p l a n t s  when component c o s t s  a r e  changing a t  g r e a t l y  d i f f e r e n t  
ra tes ,  as  shown i n  T a b l e  1 for t h e  d i f f i c u l t  two-year per iod  from J u l y  1973 
t o  1975. The e x t r a o r d i n a r y  i n c r e a s e s  for h e a t  exchangers and c e n t r i f u g a l  
compressors r e f l e c t  supply  and demand. Many exchanger manufacturers  l e f t  
t h e  bus iness  i n  e a r l i e r  per iods  of low p r o f i t a b i l i t y ,  and many foundr ies  
shut  down r a t h e r  than  comply wi th  new a n t i p o l l u t i o n  and j o b  s a f e t y  r u l e s .  

Even t h e  l a r g e s t  p r i c e  increases  do n o t  e x p l a i n  t h e  i n c r e a s e s  i n  
c o s t  es t imates  i n  boom per iods  because e s c a l a t i o n  c l a u s e s  make t h e  f i n a l  
c o s t s  u n c e r t a i n ,  s c h e d u l e  s t r e t c h o u t s  i n c r e a s e  c o s t s  of  i n t e r e s t ,  insurance ,  
and adminis t ra t ion ,  and contingency al lowances a r e  l i k e l y  t o  be  increased .  
A r e l a t e d  s i t e - s p e c i f i c  f a c t o r ,  l o c a l  l a b o r  shor tages ,  r e q u i r e s  overt ime 
pay and causes  reduced p r o d u c t i v i t y  and f u r t h e r  de lays .  

O i l  Sha le  Case H i s t o r y  

The previous s e c t i o n  showed t h a t  remarkable e s c a l a t i o n  occurred i n  t h e  

Three o t h e r  f a c t o r s  have 
c a p i t a l  c o s t s  of  p e r f e c t l y  convent ional  process  p l a n t s ,  and t h a t  t h i s  
e s c a l a t i o n  is n o t  f u l l y  revea led  by c o s t  indexes.  
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coincided wi th  t h e  i n f l a t i o n a r y  f o r c e s  to a c c e l e r a t e  t h e  e s c a l a t i o n  of 
s y n t h e t i c  o i l  p l a n t  c o s t s .  These f a c t o r s  a re :  

T ighten ing  environmental c o n t r o l s  

Shor tages  of convent ional  f u e l s  

Changes i n  des ign  and scope r e s u l t i n g  from developmental 
programs and d e f i n i t i v e  engineer ing a n a l y s i s .  

Table  1 

COST INCREASES, JULY, 1973 TO JULY, 1975 

BLS Code Item Percent  I n c r e a s e  

1072010.03 Pressure  Tanks 

(Nelson Index) Heat exchangers 

11401.03 C e n t r i f u g a l  compressors 

11401.02 I n d u s t r i a l  pumps 

1166.04 Chemical i n d u s t r y  machinery 

(CE Index) P ipes ,  va lves ,  and f i t t i n g s  

CE P l a n t  c o s t  index 

47 % 

97 

92 

42 

67 

42 

26 

Source: SRI 

A l l  t h e  e s t i m a t e s  f o r  TWCO I1 o i l  s h a l e  p l a n t s  considered h e r e i n  a r e  
f o r  t h e  same s h a l e  r a t e  (66,000 t o n s  per  s t ream day) ,  bu t  t h e  assumed s h a l e  
assay  and n e t  y i e l d  vary. The e s t i m a t e s  were a l l  repor ted  by The O i l  S h a l e  
Corporat ion (TOSCO) . 

In  1967, TOSCO es t imated  $130 m i l l i o n  would buy a p l a n t  capable  of 
producing 52,200 BF'CD ( b a r r e l s  per  ca lendar  day) of s y n t h e t i c  crude.  A 
p l a n t  for t h e  same amount of unhydrogenated p i p e l i n e  o i l  would c o s t  less 
than  $100 m i l l i o n .  Natura l  gas  was to  be t h e  source  of hydrogen, so no 
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l o s s  i n  y i e l d  r e s u l t e d  from upgrading. Shortages l a t e r  forced  TOSCO and 
p a r t n e r s  t o  abandon t h i s  d e s i r a b l e  source  of hydrogen. I r o n i c a l l y ,  t h e  
same f a c t o r  t h a t  increased  t h e  need f o r  s y n t h e t i c  o i l  a l s o  made i t  more 
cos t ly .  

Reported c o s t s  p a r a l l e l e d  genera l  i n f l a t i o n  through l a t e  1968, b u t  
by 1972 c o s t s  had increased  sharp ly .  N e w  environmental c o n t r o l s ,  inc luding  
a change of p l a n t  s i t e  from t h e  canyon t o  the  mesa, were requi red .  TOSCO 
and p a r t n e r s  reduced t h e  es t imated  s h a l e  assay and o i l  y i e l d  and made 
p l a n t  des ign  changes a s  a r e s u l t  of  t h e  development program. The p l a n  t o  
market a low-sulfur  f u e l  o i l  r a t h e r  than  r e f i n e r y  feedstock may have 
moderated t h e  d e c r e a s e  i n  y i e l d .  Thus an i n c r e a s e  of about  20 percent  i n  
t h e  CE Index, which i n  t h i s  per iod  was doing a reasonable  j o b  of measuring 
i n f l a t i o n ,  accompanied a doubl ing of c o s t  per  d a i l y  b a r r e l .  

The e a r l y  1974 es t imate  of $9,900 p e r  d a i l y  b a r r e l  was based on more 
d e f i n i t i v e  design and energy s e l f - s u f f i c i e n c y  f o r  t h e  p l a n t ,  r e s u l t i n g  i n  
a lower y i e l d .  From t h i s  t i m e  on, design was f i x e d ,  b u t  h y p e r i n f l a t i o n  
took i t s  t o l l .  

A paper on t h e  confusing s u b j e c t  of c o s t  e s c a l a t i o n  should mention t h e  
inadver ten t  confus ion  caused by f a i l u r e  of q u a l i f y i n g  information t o  g e t  
i n t o  the  r e p o r t s .  Within t h e  space of a few days i n  autumn 1974, e s t i m a t e s  
of $630 m i l l i o n  and $800 m i l l i o n  were repor ted .  The f i r s t  was i n  c o n s t a n t  
d o l l a r s  (as  used i n  F igure  l ) ,  and t h e  second included es t imated  e s c a l a t i o n  
during the  c o n s t r u c t i o n  per iod  a t  about 1 2  percent  per  year. 

The e s t i m a t e s  for March 1975 and autumn 1975 a r e  more d e t a i l e d  than  
t h e  e a r l i e r  ones,  and they show t h e  need f o r  c a u t i o n  i n  tak ing  t o t a l  
es t imates  a t  f a c e  The f i r s t  included $79 m i l l i o n  f o r  a c q u i s i t i o n  
of o i l  s h a l e  r e s e r v e s  not  i n  t h e  e a r l i e r  es t imates .  The second i n c r e a s e s  
t h i s  f i g u r e  t o  $155 m i l l i o n ,  mainly because t h e  p l a n t  is assumed t o  r u n  f o r  
35 years  i n s t e a d  of  20. The r e f e r e n c e s  a l s o  show a l a r g e  i n c r e a s e  i n  
cont ingencies  f o r  nonplant  f a c i l i t i e s .  

Tar Sands Case H i s t o r y  

W e  cons ider  t h e  SCL Athabasca p l a n t  h i s t o r y  h e r e i n  but  n o t e  i n  pass ing  
t h a t  the  e a r l i e r  G r e a t  Canadian O i l  Sands (CCOS) p l a n t  was f i n i s h e d  i n  1967 
with only about  25 p e r c e n t  overrun and t h a t  t h e  e s t i m a t e  increased  only  
about 25 percent  d u r i n g  t h e  l a s t  year  of d e f i n i t i v e  engineer ing.  
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In e a r l y  1968 SCL es t imated  less than ha l f  t h e  GCOS c o s t  p e r  d a i l y  
b a r r e l  ($2,400 Canadian) not  inc luding  a power p l a n t  or p i p e l i n e ,  based 
On “Second genera t ion”  economics, a b e t t e r  mine site, and a l a r g e r  s c a l e .  
I n  h inds ight ,  economy of s c a l e  can  be e l u s i v e  when l a r g e  p l a n t s  a r e  b u i l t  
i n  remote l o c a t i o n s  because t h e  p r o j e c t  aggrava tes  l a b o r  shor tages  and much 
equipment is r e p l i c a t e d  r a t h e r  than  increased  i n  size.  

The 1968 e s t i m a t e  r e l i e d  on s e v e r a l  process  s t e p s  t h a t  were i n  t h e  
development s t a g e ,  For t h e  summer 1971 es t imate ,  d r a g l i n e s  and u n i t  t r a i n s  
replaced s c r a p e r s  and b e l t  conveyors f o r  handl ing ore .  However, abandoning 
energy s e l f - s u f f i c i e n c y  and s u b s t i t u t i n g  n a t u r a l  gas a s  f u e l  and a s  a 
source  of hydrogen (and perhaps t h e  l a r g e r  s c a l e )  moderated t h e  c o s t  
increases ,  so they were only a l i t t l e  above genera l  i n f l a t i o n .  SCL gave a 
range of expected c o s t s  a t  t h a t  time. 

By 1973, GCOS had accumulated a $90 m i l l i o n  l o s s ,  and SCL was 
emphasizing proven r e l i a b i l i t y  over  development processes  wi th  t h e o r e t i c a l  
advantages. For the  removal of water  and f i n e s  from t h e  bitumen, d i l u t i o n ,  
c e n t r i f u g i n g ,  and d i l u e n t  recovery rep laced  f l a s h  dehydrat ion.  For upgrad- 
ing  of bitumen, f l u i d  coking rep laced  hydrovisbreaking.  The es t imated  
syncrude y i e l d  was reduced. I n  a year  and a h a l f ,  p rocess  changes increased  
t h e  c o s t  more than  100 p e r c e n t ,  and i n c l u s i o n  of a power p l a n t  and p i p e l i n e  
added another  25 percent  t o  t h e  increased  amount. 

Af te r  t h c  1973 e s t i m a t e ,  A l b e r t a  en tered  an investment boom accompanied 
by ex t raord inary  i n f l a t i o n  u n t i l  t h e  end of t h e  t i m e  covered i n  t h i s  s tudy .  
The r a p i d  i n c r e a s e s  i n  cost e s t i m a t e s  prompted a p o l i t i c a l  i n v e s t i g a t i o n  t o  
determine whether t h e  o i l  companies had d e l i b e r a t e l y  d i s t o r t e d  the es t imates .  
The i n v e s t i g a t i o n  found no evidence of t h i s  b u t  a t t r i b u t e d  t h e  i n c r e a s e s  t o  
s e v e r e  and unant ic ipa ted  e s c a l a t i o n ,  a d d i t i o n a l  preproduct ion c o s t s  from 
de lays  and increased  manpower, and more d e f i n i t i v e  engineer ing .  The 
December 1974 e s t i m a t e  was $18,600 p e r  d a i l y  b a r r e l  i n  c o n s t a n t  d o l l a r s  
(used on Figure  1) and $23,100 i n  c u r r e n t  d o l l a r s  f o r  t h e  i n i t i a l  c a p a c i t y  
of 104,550 BPCD. 

Learning Curves 

Cost es t imates  u s u a l l y  i n c r e a s e  a s  processes  advance from the 
labora tory  s t a g e  t o  commercial use ,  even without  t h e  e x t r a o r d i n a r y  f a c t o r s  
of recent  years .  Costs  may d e c l i n e  because of t h e  discovery of a new 
c a t a l y s t  or c o r r o s i o n  i n h i b i t o r  or t h e  l i k e ,  b u t  u s u a l l y  optimism p r e v a i l s  
u n t i l  d i s p e l l e d  by hard da ta .  A f t e r  commercial izat ion,  u n i t  costs o f t e n  
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d e c l i n e  a s  l a r g e r  p l a n t s  a r e  b u i l t  and s a f e t y  f a c t o r s  a r e  reduced. F igure  
2 shows these  tendencies  and a l s o  t h e  hazard of comparing d i r e c t l y  a n  
e s t i m a t e  f o r  an advanced concept  with a corresponding e s t i m a t e  f o r  a n  
e s t a b l i s h e d  process .  

Amortized product ion  c o s t s  exc lus ive  of raw m a t e r i a l  c o s t s ,  i n  
cons tan t  d o l l a r s  ( a l s o  c a l l e d  value added), c o r r e l a t e  w e l l  wi th  cumulat ive 
product ion of an i n d ~ s t r y . ~  
every t i m e  cumula t ive  product ion  doubles. I n  t h e  e a r l y  s t a g e s ,  an indus t ry  
f requent ly  grows exponent ia l ly  with t i m e ,  so a l i n e a r  t i m e  s c a l e  may be 
superimposed on a logar i thmic  product ion s c a l e ,  a s  shown i n  F igure  2 .  For 
c a p i t a l  i n t e n s i v e  i n d u s t r i e s ,  t h e  c a p i t a l  c o s t  t ends  to  dominate t h e  cost 
of v a l u e  added, b u t  raw m a t e r i a l s  a r e  a f f e c t e d  t o o  much by extraneous 
f a c t o r s  t o  be c o r r e l a t a b l e .  

Typica l ly  t h i s  c o s t  decreases  20 percent  

Decreasing t r e c d s  w i l l  probably apply t o  s y n t h e t i c  f u e l  c o s t s  
eventua l ly ,  b u t  t h e  t i m e  t o  design and bui ld  a p l a n t  is so long t h a t  
b e n e f i t  of exper ience  w i l l  be slow i n  coming. 

Impl ica t ions  f o r  Cost  Es t imat ing  

Table  2 l i s ts  f a c t o r s  t h a t  apply dur ing  t h e  var ious  s t a g e s  of process  
development. T h i s  t a b l e  cannot  quant i fy  c o s t  u n c e r t a i n t i e s ,  bu t  it can 
a l e r t  a person to  omissions and unresolved q u e s t i o n s  i n  an es t imate .  

How t o  account  f o r  t h e  s t a g e  of process  development i n  an e s t i m a t e  
i s  p a r t l y  a m a t t e r  of phi losophy.  On a s t a t i s t i c a l  b a s i s ,  less developed 
processes  j u s t i f y  h igher  contingency al lowances,  bu t  t o o  much c a u t i o n  
i n h i b i t s  d e s i r a b l e  r e s e a r c h  and development. Hopeful ly ,  us ing  Table  2 a s  
a check l i s t  w i l l  l ead  to  b e t t e r  e s t i m a t e s  i n  t h e  e a r l y  s tages .  

I n  summary, t h e  c o s t  of developmental p rocesses  may be a f f e c t e d  by 
f a c t o r s  o t h e r  t h a n  e s c a l a t i o n  a s  fol lows:  

Raw m a t e r i a l  and product s p e c i f i c a t i o n s  

O v e r a l l  p rocess  y i e l d  

P r o j e c t  scope  and a u x i l i a r i e s  

0 Process  v a r i a b l e s  and subprocesses  

M a t e r i a l s  of construct ion--corrosion,  e ros ion .  
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The following factors may affect either developmental or commercial 
project costs: 

Energy and raw material availability 

Environmental regulations 

Optimization versus derating. 

Derating refers to loss of capacity through installation of pollution 
control systems, change of raw material, and the like. Potential bias may 
affect estimates in the form of contingencies, redundancy for reliability, 
and accounting practices such as capitalizing development costs and some 
operating costs. 

As to the future, the environmental movement and energy shortage have 
been with us long enough that they are unlikely to cause the surprises of 
the past. Equipment shortages tend to attract competition, although time 
is required for the competition to become affective. Thus plant costs at 
constant scope seem likely to parallel more closely those of the general 
economy. 
by being aware of its prevalence and by considering what questions are 
unresolved at the time of the estimate. 

Estimators may temper early over-optimism in development projects 
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